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ROAD SAFETY RESEARCH I N  THE 
PERSPECTIVE OF POLICY ANALYSIS 
M. T h o m p s o n  
March 1 9 7 5  
R e s e a r c h  M e m o r a n d a  are i n f o r m a l  publ ica t ions  
r e l a t i n g  t o  ongoing o r  projected areas of re- 
search a t  I I A S A .  T h e  v i e w s  expressed are 
those of t h e  a u t h o r ,  and do n o t  necessari ly 
ref lect  those of I I A S A .  

Road S a f e t v  Research  i n  t h e  
P e r s p e c t i v e  of  P o l i c y  A n a l y s i s  
M. Thompson 
I. I n t r o d u c t i o n  
P o i n t  o f  V i e w  
Even t h e  most c u r s o r y  overview shows t h e  f a b r i c  of road 
s a f e t y  r e s e a r c h  t o  b e  composed of  uncoun tab ly  many i n d i v i d u a l  
s t r a n d s  of a c t i v i t y .  There  a r e  e n g i n e e r s  c r a s h i n g  ins t rumented  
c a r s  t o g e t h e r ,  p s y c h o l o g i s t s  a d m i n i s t e r i n g  p e r s o n a l i t y  tests,  
s t a t i s t i c i a n s  performing r e g r e s s i o n  a n a l y s e s ,  p h y s i c i a n s  
a s s e s s i n g  human i n j u r y  and p h y s i o l o g i c a l  impairment ,  t o  name 
j u s t  a  few. Much of  t h e  r e s e a r c h  is  o f  h i g h  q u a l i t y ;  some i s  
n o t .  
Pe rhaps  more t e l l i n g ,  however, t h a n  t h e  q u a l i t y  of t h e  
r e s e a r c h  upon i t s  u l t i m a t e  e f f e c t i v e n e s s  i s  i t s  f r a g m e n t a t i o n  
and i t s  l a c k  of f o c u s  upon p o l i c y  q u e s t i o n s .  W e  t h u s  f i n d  
d u p l i c a t i o n  of a c t i v i t i e s ,  gaps  of r e s e a r c h  coverage ,  f a i l u r e  
t o  c o o r d i n a t e  complementary endeavors ,  and c o n c e n t r a t i o n  upon 
a r e a s  where r e s e a r c h  s u c c e s s  would b e  u n l i k e l y  t o  l e a d  t o  
p r a c t i c a l  b e n e f i t .  To a  c e r t a i n  e x t e n t ,  t h i s  i s  i n e v i t a b l e  
and even d e s i r a b l e .  I f  s c i e n c e  i s  t o  remain c r e a t i v e  and 
o r i g i n a l ,  it c a n n o t . b e  t o o  t i g h t l y  d i r e c t e d  les t  a  d i s a f f e c t e d  
s t e r i l i t y  set  i n .  
W e  s e n s e ,  though,  t h a t  road  s a f e t y  r e s e a r c h  s u f f e r s  from 
t h e  l a c k  of a  comprehensive s t r a t e g y  f o r  c o n c e n t r a t i n g  upon 
i t s  f i n a l  g o a l  of r e d u c i n g  t h e  i n c i d e n c e  and s e v e r i t y  of a c c i -  
d e n t s .  The overv iews  t h a t  d o  e x i s t  a r e  m o s t l y  i n  t h e  form of 
a n t h o l o g i e s  which d e m o n s t r a t e  t h e  common phenomenon of  r e s e a r c h  
ingrown upon i t s e l f  a s  l i m i t e d  f a c e t s  of  t h e  o v e r a l l  problem 
a r e  exp lo red  i n  e x t r a o r d i n a r y  d e p t h  w h i l e  o t h e r s  a r e  ignored .  
By and l a r g e ,  t h e s e  a c c o u n t s  d o  n o t  s y s t e m a t i c a l l y  a n a l y z e  
t h e  r e s e a r c h  s t r a n d s  i n  l i g h t  of t h e i r  p ragmat ic  purposes ,  n o r  
d o  t h e y  p r o v i d e  a n  e s t i m a t e  of  o p p o r t u n i t i e s  f 0 r g o n e . l  W e  a r g u e  
t h a t  t h e  e n t i r e  t a n g l e d  s k e i n  of s a f e t y  r e s e a r c h  needs  t o  b e  
r e l a t e d  t o  a  common r e f e r e n c e  p o i n t  which w i l l  show how t h e  
i n d i v i d u a l  r e s e a r c h  segments  i n t e r a c t  w i t h  e a c h  o t h e r  and how 
e a c h  one  i n d i v i d u a l l y  c o n t r i b u t e s  t o  t h e  u l t i m a t e  o b j e c t i v e s .  
I t  i s  hoped t h a t  t h e  d e v e l o p i n g  d i s c i p l i n e  of  p o l i c y  a n a l y s i s  
can  supp ly  t h i s  needed p e r s p e c t i v e .  
Summary 
This paper has been written as a preliminary sketch to 
show how policy analysis might enable a broader, more goal- 
directed outlook for safety research. The research area is, 
however, so large and so complex that an introductory paper 
such as this cannot hope to provide a fully adequate basis 
for the needed overview. We will instead limit our ambition 
to describe in the first half of this paper methodological and 
practical difficulties which bound the practical value of 
safety research. These difficulties include: the multifarious 
factors underlying accidents, limits to the reliability of 
controlled experimentation, analytic pitfalls, the temptations 
of subsystem focus, the frequent lack of effective governmental 
leverage, and societal considerations of equity. 
Having briefly examined these obstacles to effective 
policy analysis, we will in the second half of the paper discuss 
the broad strategic guidelines for safety research so that it 
may--with greatest directness and with minimal waste of time, 
men, and money--achieve reduction of accident harm. We will 
recommend that a comprehensive and imaginative approach be 
adopted to generate, investigate, and evaluate as many as 
possible public policy levers for bettering the road accident 
situation. The limits to the improvement that can be achieved 
through the molding of voluntary individual conduct should be 
recognized, and a pragmatic, behavioral perspective adopted. 
Simplicity of proposed governmental actions is a strong selling 
point. Finally, we urge that safety research be conceived and 
categorized within the spectrum running from hypothesis gener- 
ation through hypothesis confirmation, policy experimentation, 
and policy evaluation. At one end of this spectrum are found 
the unconstrained and inventive attempts to understand the 
situation; at the other are rigorous assessments to make cer- 
tain that policy measures theoretically attributed benefits 
do in fact achieve what is claimed for them. The taxonomy is 
designed to show how all strands of safety research should 
ultimately be focused upon the overriding goal of reducing 
accident harm. 
Policy Analysis 
The critical perspective we adopt and urge is that of 
policy analysis. As a new discipline, the concept of policy 
analysis is sheathed in an ambiguity that is often used to 
screen its limitations. Policy analysis is not a magical new 
tool that can automatically bring rational order out of muddle. 
It is rather a structured application of common sense whose 
methods can be and should be clearly spelled out in order that 
the lay observer may have confidence in its results. The pre- 
eminent method of policy analysis is the careful delineation 
and contrast of the inputs and outputs of policy actions. In 
order to trace complicated policy effects through a series of 
mechanisms t o  t h e i r  u l t i m a t e  impact ,  t h e  s p e c i a l  t e chn iques  
of  sys tems a n a l y s i s  must o f t e n  be  a p p l i e d .  
The p e r so n a l  background of t h i s  w r i t e r  l i e s  w i t h i n  t h e  
a r e a  of  p o l i c y  ana lys i s - -wi th  c o n c e n t r a t i o n  upon i t s  a p p l i c a -  
t i o n  t o  t h e  e v a l u a t i o n  of  bio-medical  r e s e a r c h .  The shal low- 
n e s s  of  h i s  e x p e r i e n c e  w i t h  s a f e t y  r e s e a r c h  r e q u i r e s  t h a t  t h i s  
paper  n o t  a t t e m p t  t o  supp ly  t h e  encompassing overview which w e  
a r g u e  i s  needed. I n s t e a d ,  t h e  paper  restricts i t s e l f  t o  iden- 
t i f y i n g  t h e  o b s t a c l e s  hampering such an  overview and t o  l imning 
t h e  s t r a t e g i c  o u t l i n e s  f o r  i t s  p rov i s i on .  
11. O b s t a c l e s  t o  U n i f i ed  P o l i c v  Ana lv s i s  of Road Acc iden t s  
The Compounded F a c t o r s  o f  an Accident  
I t  i s  t h e  e x c e p t i o n a l  a c c i d e n t  whose c a u s e  can c o n f i d e n t l y  
be a s c r i b e d  t o  a  l i m i t e d  number of  f a c t o r s .  Examples might be 
t h e  a c c i d e n t  caused by a  c a r  whose s t e e r i n g  mechanism suddenly  
f a i l e d  o r  t h e  a c c i d e n t  brought  abou t  by a  drunken d r i v e r  s t r a y -  
i n g  from h i s  d r i v i n g  l a n e .  Even h e r e ,  however, t h e  s i n g l e  
dominant f a c t o r s  a r e  entwined w i th  o t h e r s .  The speeds  a t  which 
t h o s e  c a r s  w e r e  b e i n g  d r i v e n ,  t h e  c o n d i t i o n  of  t h e  road  su r -  
f a c e ,  t h e  p o s s i b l e  e x i s t e n c e  of an  unc ros sab l e  median, t h e  
r e a c t i o n s  of o t h e r  d r i v e r s ,  and i n t e r i o r  c a r  d e s i g n  might  a l l  
i n f l u e n c e  t h e  s e v e r i t y  of  harm r e s u l t i n g  from t h e  a c c i d e n t s .  
More common, however, a r e  t h o s e  a c c i d e n t s  f o r  which no 
preeminent  c au se  e x i s t s .  Consider  t h e  c a s e  of Dr ive r  A fo l low-  
i n g  Car B which suddenly  s lows t o  make a  r i g h t  t u r n .  Dr ive r  
A swerves a b r u p t l y  t o  avo id  a  c o l l i s i o n .  H i s  c a r  s l i d e s  o u t  
of  c o n t r o l  a c r o s s  t h e  road ,whe re  it s t r i k e s  a  meta l  r e s t r a i n i n g  
b a r r i e r ,  s p i n s  o f f  i n t o  t h e  p a t h  of oncoming Car C where it i s  
s t r u c k .  D r i v e r  A d i e s  i n  t h e  ambulance. 
I n  t h i s  i n s t a n c e ,  it i s  p o s s i b l e  t h a t  t h e  d e a t h  would have 
been avoided : 
1) i f  t h e  r e f l e x e s  of  Dr ive r  A had n o t  been d u l l e d  by a  
long  day a t  work, o r  by t h e  carbon monoxide l e a k  i n  
h i s  passenger  compartment2 o r  by t h e  b e e r  w i t h  h i s  
co-workers a t  t h e  end of  t h e  day ,  o r  by r e s i d u a l  anx- 
i e t y  from a n  e a r l y  morning squabb le  w i t h  h i s  w i f e ;  o r  
2)  i f  he  had been d r i v i n g  s lower  o r  f o l l owing  less 
c l o s e l y ;  o r  
3 )  i f  t h e  bad a n g l e  of t h e  sun,  o r  t h e  poor p l a c i n g  of 
a  s i g n ,  o r  t h e  g l a r e  r e f l e c t e d  from t h e  eng ine  hood 
had n o t  p reven ted  Dr ive r  B from s e e i n g  h i s  t u r n  e a r l i e r ;  
o r  
4) if a turn-off lane had obviated the need for sudden 
braking in traffic; or 
5) if the brakes in Car A had not been designed at an 
awkward angle, or if the tires had been wider3 or less 
worn down, or if better design of the brakes had pre- 
vented their momentary lockingi4 or 
6) if the road barrier had better absorbed the glancing 
blow from the car instead of repelling it back onto 
the highway; or 
7) if the oncoming Driver C had been more alert; or 
8) if Driver A had worn a seatbelt, or had a padded dash- 
board; or 
9) if the ambulance had arrived more quickly at the scene; 
or if passing motorists had administered prompt first 
aid. 
To assign blame is impossible. Not only did each of the 
three drivers contribute to the accident but roles also were 
played by the out-of-sorts wife, the bibulous co-workers, the 
car manufacturer, the road designer, the engineer who super- 
vised the installation of the barrier, and the ambulance team. 
The objective of policy analysis is not to assign blame5 but to 
identify those factors which can, with greatest cost-effective- 
ness, be altered to improve the overall accident situation. 
We will argue below that safety research should be targeted to 
achieve this: that is should begin with a situational survey 
to identify accident factors; that it should proceed to gener- 
ate possible policy measures by which the factors may be 
modulated or controlled; and that policy measures implemented 
must finally be evaluated to gauge their impact and their over- 
all social cost. 
The Simulator Approach and Its Shortcomings 
The intrizate interplay of factors underlying accidents 
together with the frequency of accidents--which socially is 
excessive but for the researcher is too low to permit observa- 
tion of accidents as they occur--has led to the development of 
factor simulators. A ambitious example is the UCLA Driving 
Simulation Laboratoryg where motion picture projectors, an auto- 
mobile interior and on-line computer power are combined to 
mimic the highway situation. A simpler and more common type 
of simulation is found in the many trials in which experimental 
subjects are given increasing doses of alcohol7--or are encour- 
aged to become exceedingly tired8--in order that their responses 
and overall driver behavior might be recorded instrumentally 
and be quantitatively assessed. 
The advan tages  of t h e  s i m u l a t o r  approach a r e :  
a )  economy--in t h a t  s i t u a t i o n s  of  i n t e r e s t  occur  t o o  i n -  
f r e q u e n t l y  i n  t h e  n a t u r a l  c o u r s e  of e v e n t s  t o  reward 
w a i t i n g  f o r  t h e i r  o c c u r r e n c e ;  
b )  i n f o r m a t i o n  access - - in fo rmat ion  on t h e  f a c t o r s  under- 
l y i n g  a c t u a l  a c c i d e n t s  may be w i t h h e l d  o r  d i s t o r t e d  
by a c c i d e n t  p a r t i c i p a n t s ;  
C )  s a f e t y - - s i m u l a t i o n  of  a c c i d e n t - r e l a t e d  f a c t o r s  on t h e  
highways would n o t  be  t o l e r a t e d ;  and 
d )  r e s e a r c h  r i g o r - - t h e  f a c t o r s  i n f l u e n c i n g  a c c i d e n t s  c a n ,  
i n  a  s i m u l a t e d  s e t t i n g ,  b e  c o n t r o l l e d  t o  o b t a i n  s t a t i s -  
t i c a l l y  unimpeachable r e s u l t s . 9  
U n f o r t u n a t e l y ,  many f a c t o r s  m i l i t a t e  a g a i n s t  t h e  u t i l i t y  
of  t h e  s i m u l a t o r  approach:  
1) t h e  Hawthorne e f f e c t  may c r i t i c a l l y  a l t e r  t h e  p e r f o r -  
mance of e x p e r i m e n t a l  s u b j e c t s  s o  t h a t  t h e y  a c t  d i f -  
f e r e n t l y  from a c c i d e n t  p a r t i c i p a n t s ;  
2 )  t h e  p o p u l a t i o n  of e x p e r i m e n t a l  s u b j e c t s  may d i f f e r  
s i g n i f i c a n t l y  from t h a t  of  a c c i d e n t  p a r t i c i p a n t s ;  
3 )  t h e  v e r y  a t t e m p t  t o  c o n t r o l  f o r  a l l  f a c t o r s  b u t  t h e  
one c e n t r a l  t o  t h e  s t u d y  e x c l u d e s  t h e  s y n e r g i s t i c  
i n t e r a c t i o n s  of  f a c t o r s  which may u n d e r l i e  t h e  v a s t  
m a j o r i t y  of a c c i d e n t s ;  and 
4 )  t h e  a c c i d e n t  i t s e l f  may r e p r e s e n t  a  r a r e  p a t h o l o g i c a l  
phenomenon which c a n n o t  b e  induced by l a b o r a t o r y  
c o n t r o l l e d  d e p r i v a t i o n s  o r  i n e b r i a t i o n s  of e x p e r i m e n t a l  
d r i v e r s .  
The i m p l i c a t i o n  of t h e s e  shor tcomings  t a k e n  t o g e t h e r  i s  a  l i m i -  
t a t i o n  upon t h e  r o l e  t h a t  s i m u l a t o r  e x p e r i m e n t a t i o n  may p l a y  
i n  t h e  p o l i c y  a n a l y s i s  of  a c c i d e n t s .  
A n a l v t i c  T r a ~ s  and G a ~ s  
S i n c e  t h e  d e f i c i e n c i e s  of s i m u l a t i o n s  rest r ic t  t h e  amount 
of  u s e f u l  s a f e t y  r e s e a r c h  t h a t  may be  performed i n  t h e  l a b o r a -  
t o r y ,  a  n a t u r a l  s c i e n t i f i c  r e s p o n s e  i s  t o  r e l y  more h e a v i l y  
upon d a t a  g a t h e r e d  from e x p e r i e n c e  on t h e  open road .  Unfor- 
t u n a t e l y ,  t h e  drawing of a c c u r a t e  i n f e r e n c e s  from t h i s  d a t a  
i s  hampered by a  b road  spectrum of a n a l y t i c  p i t f a l l s .  To i l l u -  
s t r a t e  t h e  a t t e n d e n t  d a n g e r s ,  w e  c o n s i d e r  f i r s t  t h e  long-s tand ing  
a n a l y t i c  problem of i d e n t i f y i n g  t h e  c h a r a c t e r i s t i c s  of  d r i v e r s  
p a r t i c u l a r l y  prone  t o  a c c i d e n t s .  
Types of  d i f f i c u l t i e s  encounte red  i nc lude :  
a )  Naive s t a t i s t i c a l  a n a l y s i s .  I n  any s h o r t  p e r i o d  of 
t i m e ,  t h e  t o t a l  number of d r i v e r s  invo lved  i n  a c c i d e n t s  w i l l  
c o n s t i t u t e  b u t  a  s m a l l  f r a c t i o n  of  t h e  d r i v i n g  popu l a t i on .  
Over a  l onge r  p e r i o d  of t ime--if a l l  d r i v e r s  a r e  a t  any moment 
e q u a l l y  l i k e l y  t o  have  a c c i d e n t s - - i t  i s  t o  be  expec ted  t h a t  by 
t h e  t i m e  t h i r t y  p e r  c e n t  of t h e  d r i v e r s  have had two o r  more 
a c c i d e n t s ,  o n e  t h i r d  of t h e  d r i v e r s  w i l l  s t i l l  have had none. 
Both of  t h e s e  f a c t s  a r e  m e r e  s t a t i s t i c a l  r e s u l t s  w i t h o u t  prac-  
t i c a l  s i g n i f i c a n c e .  Ne i t he r  r e s u l t  p roves  t h a t  any group of 
d r i v e r s  i s  a  more dangerous  s u b s e t  of t h e  d r i v i n g  popu l a t i on  
nor  does  e i t h e r  p r o v i d e  any i n d i c a t i o n  of  which d r i v e r s  w i l l  
b e  more l i k e l y  t o  have a c c i d e n t s  i n  t h e  f u t u r e .  To d i s t i n g u i s h  
between t r u e  a c c i d e n t  proneness  and such s t a t i s t i c a l  a r t i f a c t s  
r e q u i r e s  d e l i c a t e  a n a l y s i s  which t o o  o f t e n  h a s  been fo rgone . l 0  
b )  Adjustment  f o r  exposure .  S t i l l  f u r t h e r  confounding 
t h e  a t t e m p t i n g  i d e n t i f i c a t i o n  of t h e  dangerous ,  a c c i d e n t -  
r e p e a t i n g  d r i v e r  a r e  t h e  d i f f e r e n t i a l  amounts of  m i l e s  d r i v e n .  
Many s t u d i e s  a t t e m p t i n g  t o  s i n g l e  o u t  more acc iden t -p rone  
d r i v e r s  may i n  f a c t  o n l y  b e  i d e n t i f y i n g  t h o s e  who d r i v e  more. 11 
T hi s  problem o f t e n  can  b e  adequa t e ly  surmounted by t a k i n g  m i l e -  
age  d r i v e n  a s  a  proxy f o r  exposure.  P e d e s t r i a n  s t u d i e s  encoun- 
ter t h e  same problem. One such s tudy12 r e c e n t l y  showed t h a t  
a  l a r g e  number of a d u l t  p e d e s t r i a n s  k i l l e d  i n  road  a c c i d e n t s  
l acked  d r i v e r  l i c e n s e s .  The e x p l a n a t i o n  cou ld  t h e n  r e a d i l y  b e  
c o n s t r u c t e d  t h a t  pe r sons  u n f a m i l i a r  w i t h  t h e  o p e r a t i o n  of  motor 
v e h i c l e s  might  be  less a d e p t  a t  a s s e s s i n g  and avo id ing  t h e  
dange r s  which t h e y  pose  f o r  p e d e s t r i a n s .  The methodology d i d  
n o t ,  however, r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  l a c k  of a  d r i v i n g  
pe r mi t  s imply  l e a d s  t o  more hours  of exposure  a s  a  p e d e s t r i a n .  
c)  D i s t i n g u i s h i n g  t r u e  c a u s a l  e f f e c t s .  With t h e  i n t e r -  
weaving o f  many demographic c h a r a c t e r i s t i c s ,  s e n s i t i v e  a n a l y s i s  
may b e  r e q u i r e d  t o  p i c k  o u t  t r u e  c a u s a l  f a c t o r s .  Thus i n  one  
s tudy13  of p e d e s t r i a n  f a t a l i t i e s ,  a  l i n k a g e  was found--even 
a f t e r  ad jus tment  f o r  exposure--between hazard  and t h e  f a c t o r s  
of be ing  fo re ign-born  and w i t h o u t  a  spouse.  The c l e v e r  a n a l y s t  
would have no problem i n v e n t i n g  e x p l a n a t i o n s  f o r  t h e s e  f i n d i n g s .  
N eve r the l e s s ,  i n  t h i s  p a r t i c u l a r  s t u d y ,  t h e s e  l i n k a g e s  w e r e  
shown t o  be  m e r e  c o r r e l a t e s  of  age:  o l d e r  p e d e s t r i a n s  i n c u r r e d  
g r e a t e r  hazard  p e r  u n i t  exposure  w h i l e  fo re ign-born  and spouse- 
less p e d e s t r i a n s  tended t o  be  o l d e r .  When age  was con t ro l l e d - -  
f o r  i n s t a n c e ,  by c o n s i d e r i n g  fo re ign-born  and nat ive-born  pedes- 
t r i a n s  of t h e  same age-- the e f f e c t s  d i s appea red .  
The number of s i m i l a r  f a c t o r s  t h a t  can  compl i ca t e  and l e a d  
a s t r a y  even me t i cu lous  a n a l y s i s  a r e  many and n o t  s u b j e c t  t o  
comprehensive c l a s s i f i c a t i o n .  Examples of  o t h e r  i n f e r e n t i a l  
p i t f a l l s  t h a t  have j eopard ized  competent  r e s e a r c h  a r e :  
1) Ex p o s t  i n t e r v i e w s  have been des igned t o  d i s c o v e r  
p e r s o n a l i t y  d i f f e r e n c e s  between a c c i d e n t  p a r t i c i p a n t s  
and demographical ly  matched d r i v e r s  who had no a c c i -  
d e n t s .  l4 Many such i n t e r v i e w s  r evea l ed  no d i f f e r e n c e s  
--and, i n  e f f e c t ,  no accident-prone p e r s o n a l i t y .  
Those i n t e r v i e w e r s  who d i d  could  never  be c e r t a i n  t h a t  
t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  p e r s o n a l i t y  d i f f e r e n c e s  
had i n  f a c t  p reda ted  and c o n t r i b u t e d  t o  t h e  a c c i d e n t s .  
They may have been induced by t h e  trauma of t h e  a c c i -  
d e n t  i t s e l f ;  
2 )  Any s t a t i s t i c a l  s t udy  of a l l  l i c e n s e d  c a r s  may have 
d i f f i c u l t y  a d j u s t i n g  f o r  a c c i d e n t  exposure  and f o r  
t h e  t y p e s  of d r i v e r s  who purchase  s p e c i f i c  t y p e s  of 
c a r s .  Any s t u d y  seek ing  t o  prove t h a t  c e r t a i n  c a r  
t y p e s  a r e  e i t h e r  more l i k e l y  t o  be involved i n  a c c i -  
d e n t s  o r  more l e t h a l  when involved would have t o  make 
d e l i c a t e  ad jus tments  f o r  t h e s e  f a c t o r s ;  and 
3 )  Eva lua t i on  of d r i v e r  educa t i on  ha s  encountered s i m i l a r  
t y p e s  of p r e s e l e c t i o n  problems. Thus, w h i l e  s e v e r a l  
s t u d i e s  have shown t h a t  g r a d u a t e s  of d r i v e r  educa t i on  
c l a s s e s  have s i g n i f i c a n t l y  fewer a c c i d e n t s ,  o t h e r  
s t u d i e s  have shown t h a t  t h e  popu la t i on  t h a t  o p t s  t o  
t a k e  d r i v e r  educa t i on  c o u r s e s  i s  s i g n i f i c a n t l y  d i f f e r -  
ent - - in  terms of exposure and o t h e r  t r a i t s - - f rom t h a t  
which does  not .15 
The Too Narrow Focus 
I 
The sys tems p e r s p e c t i v e  ha s  been adopted by p o l i c y  a n a l y s i s  I 
t o  avo id  t h e  p r e v a l e n t  concep tua l  e r r o r s  of subsystem opt imiza-  
t i o n .  I n  t h e  a r e a  of a c c i d e n t  p r even t ion ,  f ocus ing  narrowly 
upon l i m i t e d  problem a s p e c t s  might:  
a )  l e a d  t o  s o l u t i o n s  t h a t  would reduce c e r t a i n  f a c t o r s  
unde r ly ing  a c c i d e n t s  wh i l e  s imul taneous ly  i n c r e a s i n g  
t h e  l i k e l i h o o d  of a c c i d e n t s  due t o  o t h e r  c ause s ;  
b )  r ende r  a t t r a c t i v e  p o l i c i e s  having t h e  d i r e c t  e f f e c t  
of reduc ing  a c c i d e n t s  y e t  s e t t i n g  i n t o  motion a  series of  
a d a p t i v e  a c t i o n s  making t h e  n e t  p o l i c y  impact less 
d e s i r a b l e  t han  t h e  d i r e c t  b e n e f i t s  o r  even,  i n  sum, 
u n d e s i r a b l e ;  
c)  overlook--through c o n c e n t r a t i o n  on t h e  s t a t i s t i c  of 
a c c i d e n t s  p e r  person-mile--the p o s s i b i l i t i e s  of 
a ch i ev ing  t h e  g o a l s  of s a f e t y  th rough  r e d u c t i o n  i n  
t h e  demand f o r  t r a v e l ;  
d )  reduce a c c i d e n t s  a t  an e x c e s s i v e  c o s t  accord ing  t o  
p r e v a i l i n g  s o c i a l  va lue s ;  o r  
e)  f a i l  t o  t a k e  i n t o  accoun t  t h e  o p e r a t i n g  p r i n c i p l e s  
and g o a l s  of such o t h e r  s o c i e t a l  sys tems a s  t h e  
h e a l t h  c a r e  system, t h e  l e g a l  sys tem,  and t h e  urban 
system which must be c a r e f u l l y  coo rd ina t ed  w i t h  p o l i -  
cies s eek ing  t o  r e a l i z e  s a f e t y  i n  t r a n s p o r t a t i o n .  
A s  an  example of t h e  F i r s t  c a s e  it h a s  o c c a s i o n a l l y  been shown 
t h a t  widening of road  s h o u l d e r s  l e a d s  t o  i n c r e a s e d  a c c i d e n t  
l e v e l s .  A p r i o r i ,  t h i s  e f f e c t  i s  s u r p r i s i n g  i n  t h a t  b roader  
s h o u l d e r s  should  e n a b l e  recovery  from many a c c i d e n t s  caused 
by i n s t a n c e s  of  s t r a y i n g  from t h e  road.  I n  f a c t ,  t h e  s a f e r  
road edges  may induce  g e n e r a l l y  a  more c a s u a l  and less c a r e f u l  
d r i v i n g  a t t i t u d e  l e a d i n g  t o  more a c c i d e n t s .  Broader s h o u l d e r s  
might a l s o  l e a d  t o  more r i s k y  a t t e m p t s  t o  pa s s .  
Other  h y p o t h e t i c a l  e f f e c t s  can  be  imagined. I n t e r m i t t e n t  
s t r e t c h e s  of  broad-shoulder  r oads  might  induce  d r i v i n g  l a x n e s s  
t h a t  would c a r r y  ove r  t o  p a r t s  where t h e  s h o u l d e r s  had n o t  
been widened w i t h  t h e  r e s u l t  t h a t  a c c i d e n t  r a t e s  would be  
h i g h e r  t h a n  i f  t h e  s h o u l d e r s  had i n  no p a r t s  been improved. 
An e f f e c t  i n  t h e  o p p o s i t e  d i r e c t i o n  t h a t  would be d i f f i c u l t  t o  
measure would be r e d u c t i o n  i n  a n x i e t y  from having s a f e r  road 
s hou lde r s .  Th i s  l e s s ened  a n x i e t y  ove r  long  t r i p s  might  r educe  
d r i v e r  f a t i g u e  and t h u s  i n d i r e c t l y  lower t h e  r a t e s  of  a c c i d e n t s  
hundreds of m i l e s  d i s t a n t  from t h e  improvements. 
I n  many c o u n t r i e s ,  t h e  con t inued  h i g h  r a t e s  of a c c i d e n t s  
on r oads  widened i n  p l a c e s  t o  t h r e e  l a n e s  h a s  l e d  t o  specula-  
t i o n  upon t h e  cause s .  I t  had been hoped t h a t  t h e  e x t r a  l a n e  
would a l l o w  f a s t e r  t r a f f i c  t o  perform much of  i t s  pas s ing  i n  
a  s a f e  middle  lane-- thereby reduc ing  t h e  number of a c c i d e n t s  
and f a c i l i t a t i n g  t r a f f i c  flow. I n  f a c t ,  a c c i d e n t  l e v e l s  have 
i n c r e a s e d  because:  
1) t h e  t h r e e - l a n e  s t r e t c h e s  r a i s e  t h e  speed -a sp i r a t i on  
l e v e l s  of  d r i v e r s  who seek  t o  ma in t a in  t h e i r  h igh  
speeds  on t h e  two-lane roads ;  and 
2 )  t h e  t h r e e - l a n e  s t r e t c h e s  i n c r e a s e  t h e  number of road 
d i scon t inu i t i e s - -known t o  be  v i t a l l y  l i n k e d  t o  a c c i -  
d e n t s .  They would, f o r  i n s t a n c e ,  l e a d  t o  many a c c i -  
d e n t s  caused by hazardous  pa s s ing  a t  t h e  end of t h r e e -  
l a n e  s t r e t c h e s .  
H e r e  a l s o ,  a  pr imary g a i n  of these road improvements might  be  
reduced d r i v e r  f r u s t r a t i o n  whose b e n e f i t s  would be lowered 
a c c i d e n t  i n c i d e n c e  e lsewhere .  Such a  g a i n  might  prove p roh ib i -  
t i v e l y  d i f f i c u l t  t o  measure. 
Taking a  s t i l l  broader  p e r s p e c t i v e  it might be  t h e  c a s e  
t h a t  a l l  s a f e t y  improvements have t h e  e f f e c t  of  g e n e r a t i n g  more 
t r a f f i c  o r  h i g h e r  speeds  and u l t i m a t e l y  more a c c i d e n t s .  The 
r e l a t i v e  cons tancy  of  a c c i d e n t s  p e r  c a p i t a ,  d e s p i t e  a  s h a r p l y  
d e c l i n i n g  r a t e  of a c c i d e n t s  er v e h i c l e - m i l e ,  s u g g e s t s  t h a t  
such  a  phenomenon may o c c u r .  y7 I f  t r a f f i c  b e h a v i o r  i n  f a c t  
f o l l o w s  such a  law, t h e n  no series of s a f e t y  improvements would 
have any s u b s t a n t i a l  e f f e c t  i n  r e d u c i n g  road  i n j u r i e s  and f a t a l -  
i t i e s .  I n s t e a d ,  t h e  g a i n  of s a f e t y  p o l i c y  would l i e  i n  i n c r e a s -  
i n g  t h e  number of m i l e s  t r a v e l e d  p e r  p e r s o n  w h i l e  m a i n t a i n i n g  
t h e  same a c c i d e n t  r a t e .  S i n c e  many p e o p l e  d o  d e s i r e  more 
t r a v e l ,  t h i s  might  r e p r e s e n t  a  b e n e f i t  of s a f e t y  e x p e n d i t u r e s  
- - i f  h a r d l y  t h a t  o r i g i n a l l y  i n t e n d e d .  
The demand f o r  t r a v e l  should  i t s e l f  be  ana lyzed .  Many 
p e r s o n s  may c o n s i d e r  t r a v e l  a  d e s i r a b l e  end i n  i t s e l f  and a c c i -  
d e n t s  a  n e c e s s a r y  i f  u n f o r t u n a t e  accompanying c o s t .  To o t h e r s ,  
however, t r a v e l  i s  a  means of  a t t a i n i n g  a n  end--a b a r g a i n  i n  
a  s t o r e  o r  a  s e a s i d e  v a c a t i o n .  I n s t e a d  of  an  o b j e c t i v e ,  t h e  
t r a v e l  p e r  se may b e  a  n e c e s s a r y  e v i l  combining d i s c o m f o r t ,  
c o s t ,  d a n g e r ,  and l o s s  of  t i m e .  I n  such  c a s e s ,  b e t t e r  c i t y  o r  
r e g i o n a l  p l a n n i n g  gea red  t o  r educe  t h e  need f o r  t r a v e l  w i l l  be 
a n  e f f e c t i v e  c o n t r i b u t i o n  t o  s a f e t y  and t o  o t h e r  s o c i e t a l  g o a l s  
even though t h e  accident:  r a t e  p e r  v e h i c l e  m i l l 2  1s n o t  a l t e r e d .  
I n t e g r a t e d  t r a n s p o r t a t i o n  p l a n n i n g  d i v e r t i n g  more p e r s o n s  t o  
modes o f  mass t r a n s i t  can  a l s o  enhance o v e r a l l  s a f e t y .  
The amount o f  r e s o u r c e s  a p p r o p r i a t e l y  devo ted  t o  r educ ing  
a c c i d e n t  damage depends  upon t h e  s o c i e t a l  c o n t e x t .  I t  i s  imme-  
d i a t e  t h a t  m a r g i n a l  monies shou ld  n o t  b e  s p e n t  on road  improve- 
ments  when t h e y  c o u l d  a c h i e v e  i n  o t h e r  p o l i c y  areas- -such a s  
medic ine-- far  g r e a t e r  m o r b i d i t y  and m o r t a l i t y  s a v i n g s .  Road 
t r a f f i c  a c c i d e n t s  can  g e n e r a l l y  be  reduced i n  s e v e r i t y  and 
number by lower ing  speed l i m i t s .  l8 N e v e r t h e l e s s ,  t h i s  g a i n  
i s  ach ieved  a t  t h e  c o s t  of l o s t  t i m e  which m o t o r i s t s  may judge 
e x c e s s i v e .  A s o c i e t y  may a s  a  whole p r e f e r  a  h i g h e r  speed 
l i m i t  w i t h  c o n c o m i t a n t l y  g r e a t e r  r i s k .  More d i f f i c u l t  p o l i c y  
problems a r e  r a i s e d  when one g roup  of  d r i v e r s  i s  p e r c e i v e d  t o  
have a  h i g h e r  f r equency  of  a c c i d e n t s .  Even when such a  d e t e r -  
m i n a t i o n  h a s  been made, t h e  s o c i a l  v a l u e  p l a c e d  on g r a n t i n g  
v i r t u a l l y  a l l  i n d i v i d u a l s  t h e  r i g h t  t o  d r i v e  may r u l e  o u t  a c c i -  
d e n t  r e d u c t i o n  th rough  l i c e n s e  r e v o c a t i o n .  I t  i s  t h e  t a s k  of  
p o l i c y  a n a l y s i s  t o  d e t e r m i n e  n o t  o n l y  a l l  p o s s i b l e  ways t o  
r e d u c e  t h e  harm caused  by road a c c i d e n t s  b u t  a l s o  t o  i d e n t i f y  
t h e  p o i n t s  a t  which t h e  marg ina l  s o c i e t a l  c o s t s  of f u r t h e r  
m a r g i n a l  r e d u c t i o n s  outweigh t h e  g a i n s .  
Such d e t e r m i n a t i o n s ,  t o  b e  e f f i c i e n t ,  must t a k e  i n t o  
a c c o u n t  t h e  r o l e s  p layed  by o t h e r  s o c i a l  systems i n t e r s e c t i n g  
t h e  a r e a  of road s a f e t y .  Thus u rban  d e s i g n ,  d e l i v e r y  of h e a l t h  
c a r e  s e r v i c e s ,  j u r i s p r u d e n c e  and law enforcement  a l l  a f f e c t  
p o l i c i e s  f o r  r e d u c i n g  harm from road a c c i d e n t s ,  y e t  a l l  perform 
a l s o  a  broad v a r i e t y  of o t h e r  s o c i a l  f u n c t i o n s .  I t  would b e  
s h o r t s i g h t e d  t o  f o r m u l a t e  governmental  a c t i o n s  r e q u i r i n g  ex- 
t e n s i v e  m o d i f i c a t i o n  of t h o s e  sys tems i n  n e g l e c t  of t h e i r  o t h e r  
g o a l s .  I n s t e a d ,  c a r e f u l  i n t e r d i s c i p l i n a r y  c o o r d i n a t i o n  among 
t h e  sys tems i s  n e c e s s a r y  t o  a c h i e v e  improved road s a f e t y  w i t h  
minimal d e t r a c t i o n  from o t h e r  s o c i a l  ends .  
The P o l i c y  Handle 
S c i e n t i f i c  o b j e c t i v i t y  i n  i d e n t i f y i n g  e lements  unde r ly ing  
a c c i d e n t s  must be  accompanied by p r a c t i c a l  judgments upon how 
a l t e r n a t i v e  f a c t o r s  c an  be manipula ted  t o  a c h i e v e  e f f e c t i v e  
c o n t r o l  of  a c c i d e n t  damage. P o s s i b l e  p o l i c y  a c t i o n s  may be 
rendered  i n e f f e c t u a l  o r  imposs ib l e  t o  impose by t h e  sma l l  
number of a c c i d e n t s  t h e y  would i n f l u e n c e ,  by o b s t i n a t e  p u b l i c  
f a i l u r e  t o  a b i d e  by governmental  o rd inances ,  by s o c i a l  r e l u c -  
t a n c e  t o  revoke d r i v i n g  r i g h t s ,  and by t h e  imrneasurab i l i ty  of  
a c c i d e n t  p r e c o n d i t i o n s .  
Many f a c t o r s  su sp ec t ed  t o  unde r ly  a c c i d e n t s  have l i t t l e  
p o l i c y  impor tance  due  t o  t h e  s m a l l  number of a c c i d e n t s  i n  which 
t h e y  p l a y  a  r o l e .  Thus it had been c o n j e c t u r e d  t h a t  d i a b e t i c s  
-- in be ing  s u b j e c t  t o  i n s u l i n  react ions--would pose  a  g r e a t e r  
t h a n  a v e r ag e  hazard  on t h e  road.  I n v e s t i g a t i o n  h a s  shown, 
however, t h a t  t h e  d i a b e t i c  c o n d i t i o n  i t s e l f  i s  u n l i k e l y  t o  
a f f e c t  a s  many a s  one a c c i d e n t  i n  1 0 , 0 0 0 . ~ ~  The implementa- 
t i o n  of  s t r ic te r  c o n t r o l s  on d i a b e t i c s  would t h e r e f o r e  have a  
minimal impact  n o t  j u s t i f y i n g  such l i m i t a t i o n s . 2 0  
Other  c o n s i d e r a t i o n s  known t o  p l a y  a  r o l e  i n  a c c i d e n t s  
may n o t  be s u b j e c t  t o  p o l i c y  manipu la t ion .  Thus, i f  d r i v e r s  
o b s t i n a t e l y  r e f u s e  t o  a b i d e  by pos ted  speed l i m i t s ,  t h e  p o l i c  
impor tance  of  a l t e r a t i o n s  i n  t h o s e  l i m i t s  becomes n e g l i g i b l e .  31 
The p r o v i s i o n  of s e a t  b e l t s  a s  a  mandatory i t e m  i n  c a r s  had 
o n l y  a  l i m i t e d  e f f e c t  due  t o  t h e  c o n t i n u i n g  f a i l u r e  of d r i v e r s  
and p a s sen g e r s  t o  u s e  them. It h a s  r e c e n t l y  been shown t h a t  
a d d i t i o n a l  t e l e v i s e d  warnings  and e x h o r t a t i o n s  t o  u se  s e a t  
b e l t s  have u n d e t e c t a b l e  impact  on t h e i r  usage .  22 
When s t a t i s t i c a l  a n a l y s i s  shows t h a t  a  group of pe r sons  
h a s  s i g n i f i c a n t l y  h i g h e r  a c c i d e n t  r a t e s  pe r  u n i t  exposure ,  
s o c i a l  u n w i l l i n g n e s s  t o  deny d r i v i n g  pe rmiss ion  w i t h o u t  t a n g i -  
b l y  j u s t i f i e d  cau se  l i m i t s  t h e  u t i l i t y  of  t h i s  f i n d i n g .  Even 
when s o c i e t y  f e e l s  t h a t  j u s t i f i c a t i o n  e x i s t s  f o r  l i c e n s e  revo-  
c a t i o n s ,  co n t i n u ed  d r i v i n g  d e s p i t e  t h e  l o s s  of  l i c e n s e  r educ es  
t h e  e f f e c t s  of t h i s  p o l i c y  d e t e r m i n a t i o n .  23 
The s u p p o s i t i o n  t h a t  d r i v e r  f a t i g u e  c o n t r i b u t e s  t o  a c c i -  
den t s24  p r e s e n t s  s p e c i a l  problems i n  p o l i c y  implementa t ion .  
To a  c e r t a i n  e x t e n t ,  s o c i e t i e s  w i l l  condone d r i v i n g  w h i l e  t i r e d  
a s  a n  i n e v i t a b l e  consequence of t h e  work e t h i c .  When e x c e s s i v e  
f a t i g u e  l e a d s  t o  b l a t a n t  danger ,  t h e  d r i v e r  i s  encouraged t o  
l e a v e  t h e  road.  T h i s  encouragement,  however, l a c k s  s t a t u t o r y  
backing s imply  because  t h e r e  i s  no b a l l o o n - t e s t  f o r  f a t i gue - -  
i . e .  no p o s s i b l e  s t a n d a r d  of f a t i g u e  t h a t  would e n a b l e  a  s o c i e t y  
o r  i t s  e n f o r c i n g  policemen t o  de t e rmine  when a  t i r e d  d r i v e r  
should  be  f o r c e d  from t h e  highways. S i m i l a r  l a c k  of measurement 
i n s t r u m en t s  makes it i m poss ib l e  t o  p r e v e n t  t h e  d r i v i n g  of a  
pe r son  whose momentary emot iona l  d i s t u r b a n c e  c o n s t i t u t e s  a  
road  hazard .  
E a u i t v  and E x t e r n a l i t v  
Under ly ing many of t h e  p o l i c y  d i f f i c u l t i e s  d e s c r i b e d  above 
a r e  c o n s i d e r a t i o n s  of s o c i a l  e q u i t y .  The r i g h t  t o  d r i v e  a  motor 
v e h i c l e  i s  wide ly  p r i z e d  and n o t  l i g h t l y  d e n i e d  o r  revoked.  
Belonging t o  a  demographic c l a s s  of p e r s o n s  w i t h  h i g h  a c c i d e n t  
r a t e s  i s  r a r e l y  c o n s i d e r e d  s u f f i c i e n t  grounds  f o r  d e n i a l  of 
l i c e n s e .  The e x c e p t i o n s  a r e  c a s e s  i n  which p h y s i c a l  o r  men ta l  
hand icaps  c o n s t i t u t e  l a s t i n g  impairments  t o  d r i v i n g  c a p a c i t y .  
When t h e  hand icaps  a r e  temporary t h e r e  may be  no r e a s o n  t o  
deny t h e  r i g h t  t o  d r i v e  d u r i n g  p e r i o d s  w i t h o u t  i n c a p a c i t y .  On 
t h e  o t h e r  hand, demons t rab le  r e s p o n s i b i l i t y  f o r  a c c i d e n t s  a s  
w e l l  a s  hazardous  d r i v i n g  behav io r  i s  u s u a l l y  c o n s i d e r e d  ade- 
q u a t e  ground f o r  l i c e n s e  r e v o c a t i o n .  
Coming t o  r e c e i v e  g r e a t e r  e x p l i c i t  a t t e n t i o n  i n  s a f e t y  
r e s e a r c h  i s  t h e  b r o a d e r  q u e s t i o n  of e x t e r n a l i t i e s ,  The t r a d i -  
t i o n a l  micro-economic s o l u t i o n  t o  s i t u a t i o n s  d i s p l a y i n g  e x t e r -  
n a l i t y  e f f e c t s  h a s  been implementa t ion  of  d e v i c e s  e n a b l i n g  
t h e i r  i n t e r n a l i z a t i o n - - s u c h  a s  e f f l u e n t  t a x e s  imposed t o  c u r b  
env i ronmenta l  p o l l u t i o n .  The inadequacy of  such d e v i c e s  i n  
t h e  highway s i t u a t i o n  h a s  long  been e v i d e n t ,  The hazardous  
d r i v e r  b e a r s  t h e  r i s k  of  h i s  own d e a t h  from h i s  b e h a v i o r  b u t  
t h e r e  i s  no way t o  make him bear--or  i n t e r n a l i z e - - t h e  m o r t a l  
danger  he p o s e s  t o  o t h e r s .  
S i m i l a r  problems of e q u i t y  caused  by e x t e r n a l i t y  c o n s i d e r -  
a t i o n s  a r e :  
a )  E x t e r i o r  c a r  p r o t r u s i o n s ,  J u s t i f i e d  i n  t h e  name of  
s t y l e ,  such o rnamenta t ion  a s  f i n s  c o n s t i t u t e  haza rd  f o r  pedes- 
t r i a n s  s t r u c k  by even low-speed c a r s . 2 5  A r u b b e r i z e d  bumper 
h a s  l i t t l e  b e n e f i t  f o r  t h e  c a r  owner26 b u t  i n s t e a d  p r o t e c t s  
s o l i d  o b j e c t s  which t h e  c a r  may e n c o u n t e r .  On t h i s  b a s i s ,  
bumpers may r e a s o n a b l y  be  mandated by t h e  government; 
b )  Car s i z e .  S t a t i s t i c s  show t h a t  o c c u p a n t s  of s m a l l  
c a r s  invo lved  i n  a c c i d e n t s  run  a  g r e a t e r  r i s k  t h a n  t h e  occu- 
p a n t s  of l a r g e r  c a r s . 2 '  I f  t h i s  r i s k  w e r e  s o l e l y  a  f u n c t i o n  
of  o n e ' s  own c a r  s i z e ,  t h e r e  would be  no e x t e r n a l i t y  i n e q u i t y  
and t h e  f a c t o r s  of s i z e ,  r i s k ,  and c o s t  would be  a p p r o p r i a t e l y  
c o n s i d e r e d  a t  t h e  t i m e  of purchase .  Elementary p h y s i c s ,  however, 
p o i n t s  o u t  t h a t  t h e  damaged i n c u r r e d  from a  head-on c o l l i s i o n  
depends v i t a l l y  upon t h e  r a t i o  of  t h e  w e i g h t s  i n v o l v e d .  Pur- 
c h a s e  of  a  l a r g e r  c a r  t h u s  s i m u l t a n e o u s l y  p r o t e c t s  t h e  p u r c h a s e r  
and i n c r e a s e s  t h e  r i s k  f o r  o t h e r  c a r s . 2 8  T h i s  a g a i n  i s  an 
e x t e r n a l i t y  e f f e c t  a p p r o p r i a t e  f o r  governmental  i n t e r v e n t i o n ;  
and 
C )  Mileage.  The number of  m i l e s  d r i v e n  g i v e s  a  rough 
measure of t h e  haza rd  which one c a r  c r e a t e s  f o r  o t h e r s .  Along 
w i t h  au tomot ive  p o l l u t i o n  and t h e  h i g h  p r i c e  of  f u e l  i m p o r t s ,  
t h i s  f a c t o r  h e l p s  t o  j u s t i f y  c e n t r a l  r e g u l a t i o n  of  d i s t a n c e s  
d r i v e n .  29 
111. The P r e s c r i ~ t i o n s  of  P o l i c v  A n a l v s i s  
The O r i e n t a t i o n  of  P o l i c y  A n a l y s i s  
Pe rhaps  t h e  g r e a t e s t  advantage  t h a t  t h e  p o l i c y  a n a l y s t  
of  t h e  1 9 7 0 ' s  h a s  o v e r  h i s  i n t r e p i d  c o u n t e r p a r t  a  decade  
e a r l i e r  i s  a  s e n s e  of what can  go wrong. S o p h i s t i c a t e d  r a t i o n a l  
a n a l y s i s  d i v o r c e d  from t h e  r e a l i t i e s  of  s o c i a l  sys tems  and 
human f o i b l e s  f o u n d e r s  upon t h o s e  o b s t a c l e s  t o  t h e  implementa- 
t i o n  of  i t s  sweeping s o l u t i o n s .  The r o a d  a c c i d e n t  s i t u a t i o n  
c a n n o t  b e  t r e a t e d  a s  a  phenomenon t o  be  s t a t e d  i n  problem terms 
t h e n  so lved  i n  i v o r y  tower i s o l a t i o n .  T h i s  i s  because:  
1) t h e  s i t u a t i o n  i t s e l f  i s  s o  complex t h a t  it never  can  be  
f u l l y  g r a s p e d  by even a  series of  extended d e s c r i p t i o n s ;  and 
2 )  i n t e r a c t i o n  w i t h  r e a l  world phenomena i s  n e c e s s a r y  t o  i n s u r e  
t h a t  t h e o r e t i c a l  b e n e f i t s  a r e  ach ieved  i n  p r a c t i c e .  Our p re -  
s c r i p t i o n  f o r  b e t t e r  d i r e c t i n g  s a f e t y  r e s e a r c h  t h e r e f o r e  i s  
based upon c o n t i n u i n g  a t t e m p t s  t o  unders tand  b e t t e r  t h e  myriad 
f a c t o r s  invo lved  i n  a c c i d e n t s  and upon thorough e v a l u a t i o n  of 
a l l  contempla ted  o r  implemented p o l i c y  measures.  
P o l i c y  a n a l y s i s  of  road t r a f f i c  a c c i d e n t s  b e g i n s  w i t h  a n  
overview of a l l  f a c t o r s  t h a t  might  c a u s e  o r  c o n t r i b u t e  t o  
p r o p e r t y  damage, i n j u r y ,  and d e a t h  from such a c c i d e n t s .  The 
n e x t  s t e p  i s  t o  f o r m u l a t e  a c t i o n s  t o  combat o r  t o  a t t e n u a t e  
t h o s e  s p e c i f i c  f a c t o r s .  From t h e s e  f l i g h t s  of i m a g i n a t i o n ,  
t h e  a n a l y s t  r e t r e a t s  t o  c o n s i d e r  q u e s t i o n s  of  p r a c t i c a l i t y .  
O b s t a c l e s  and c o s t s  t o  implementa t ion  a r e  c a r e f u l l y  examined. 
However i m p o r t a n t  a  f a c t o r  may be t o  t h e  t o t a l  body of a c c i -  
d e n t s ,  it c a n n o t  be  t h e  f o c u s  of  p o l i c y  r e m e d i a t i o n  i f  t h e  
behav io r  of  p e r s o n s  o r  s o c i a l  u n i t s  makes it impervious  t o  
change o r  i f  t h e  c o s t  of  t h e  r e q u i s i t e  p o l i c y  i s  e x c e s s i v e .  
The Search  f o r  More E f f e c t i v e  P o l i c y  Levers  
I n  t h e  l a s t  decade  and a  h a l f ,  t h e  approach of  a c c i d e n t  
a n a l y s i s  h a s  t a k e n  on a  p ragmat ic ,  b e h a v i o r a l  p e r s p e c t i v e .  
More i n n o v a t i v e  ways a r e  b e i n g  sough t  t o  c o r r e c t  t h e  human 
e r r o r s  and i r r e s p o n s i b l e  a c t i o n s  t h a t  l e a d  t o  a c c i d e n t s .  Y e t  
it a l s o  i s  b e i n g  recogn ized  t h a t  t h e  a b i l i t y  of a  government 
t o  i n f l u e n c e  human conduct  i s  l i m i t e d  and s u b j e c t  t o  d e c r e a s i n g  
m a r g i n a l  r e t u r n s  o f  r e sponse .  I n  t h e s e  c a s e s ,  g r e a t e r  r e t u r n  
can  be  r e a l i z e d  by p l a n n i n g  around t h e  i n e r a d i c a b l e  components 
of human e r r o r  t h a n  by p u r s u i n g  a n  o b s t i n a t e  r e s o l u t i o n  t o  
change t h e  unchangeable.  Thus, g r e a t e r  a t t e n t i o n  i s  b e i n g  
p a i d  t o  t h e  development  of v e h i c l e s  which d o  n o t  p e r m i t  hazard-  
o u s  b e h a v i o r  o r  which c u s h i o n  i t s  consequences  when it d o e s  
o c c u r .  S i m i l a r l y ,  t h e  d r i v i n g  environment  i s  be ing  d e s i g n e d  
n o t  o n l y  t o  lower t h e  chance  o f  human e r r o r  b u t  a l s o  t o  mini-  
mize  t h e  damage r e s u l t i n g  from t h e  a c c i d e n t s  t h a t  i n e v i t a b l y  
w i l l  t a k e  p l a c e .  
A t  t i m e s ,  p o l i c y  l e v e r s  may be manipu la ted  by t h e  govern- 
ment i n  o r d e r  t o  c o n t r o l  t h o s e  human a c t i o n s  t h a t  cause  a c c i -  
d e n t s  o r  a g g r a v a t e  r e s u l t a n t  harm. L i cens ing  p rocedu re s ,  speed 
l i m i t  s i g n s ,  t r a f f i c  s i g n a l s ,  and p o l i c e  p a t r o l s  a r e  examples 
of such d e v i c e s  which a r e ,  among themselves  and a c r o s s  v a r i o u s  
c o n t e x t s ,  d i f f e r e n t i a l l y  e f f e c t i v e .  I n g e n u i t y  i s  be ing  d i r e c t e d  
toward d ev e l o p i n g  new devices- -or  toward b e t t e r  e x p l o i t i n g  o l d  
ones - - tha t  w i l l  i n c r e a s e  governmental  l e v e r a g e  upon a c c i d e n t -  
r e l a t e d  behav ior .  
N e v e r t h e l e s s ,  it i s  becoming i n c r e a s i n g l y  r e a l i z e d  t h a t  
a t t e m p t s  t o  c o n t r o l  a c c i d e n t s  i n d i r e c t l y  by i n f l u e n c i n g  d r i v e r s ,  
p a s s en g e r s ,  and p e d e s t r i a n s  a r e  a t  a  compara t ive  d i s advan t a ge  
w i t h  r e s p e c t  t o  more d i r e c t  governmental  a c t i o n s .  Whenever a  
mode of governmental  i n f l u e n c e  i s  c l u m s i l y  des igned--so  t h a t  
o n l y  i n  an  i n e f f i c i e n t  way does  it r educe  a c c i d e n t  haza rd - - i t  
w i l l  be  r e s e n t e d  a s  a n  i n t r u s i o n  upon i n d i v i d u a l  freedom. 
Even t h e  r e l a t i v e l y  e f f i c i e n t  l e v e r s  of government--such a s  
t h e  speed l i m i t - - i n c u r  such resen tment .  
A s  a  r e s u l t  of  t h e s e  f a c t o r s ,  a  premium i s  l a c e d  upon t h e  
s i m p l i c i t y  of contemplated  governmental  a c t i o n s .  So The l e a s t  
compl ica ted  a c t i o n  i s  one t h a t  may be d i r e c t l y  under taken  by 
t h e  government--for i n s t a n c e  t h e  c o n s t r u c t i o n  of c a p i t a l  improve- 
ments t o  highways. Somewhat more compl ica ted  a r e  t h o s e  a c t i o n s  
e f f e c t e d  by t h e  government through t h e  a c t i o n s  of p r i v a t e  c o r -  
p o r a t i o n s .  Examples of  such s t e p s  would be t h e  mandating of 
p a s s i v e  i n t e r n a l  r e s t r a i n t s  f o r  au tomobi les  o r  t h e  e s t a b l i s h m e n t  
of t i r e  manufacture  s t a n d a r d s  o r  a l t e r a t i o n  i n  i n s u r a n c e  regu- 
l a t i o n s .  I n  t h e s e  i n s t a n c e s ,  t h e  r e sponse s  of  b u t  a  s m a l l  
number of companies would r e q u i r e  monitoring--not  a  t r i v i a l  
t a s k ,  b u t  one  o r d e r s  of magnitude e a s i e r  t h a n  e n f o r c i n g  a  p o l i c y  
r e q u i r i n g  t h e  independen t  compliance of  m i l l i o n s  of i n d i v i d u a l s .  
When t h e  a p p r o p r i a t e  i n t e r v e n t i o n  h a s  been dec ided  upon 
and adop ted ,  c a r e  must be  e x e r c i s e d  t o  de t e rmine  whether  i t s  
e f f e c t  i s  thwar ted  by t h e  a d a p t i v e  a c t i o n s  o f  companies o r  i n -  
d i v i d u a l s .  Suppose f o r  i n s t a n c e  t h a t  a  government wishes  t o  
r e d u ce  a c c i d e n t  i n j u r y  on a  c e r t a i n  s t r e t c h  o f  road .  A lower 
speed l i m i t  might have t h e  d e s i r e d  e f f e c t  b u t  would be  prohib-  
i t i v e l y  d i f f i c u l t  t o  en fo r ce .  Accordingly ,  t h e  government might  
t a k e  t h e  more expens ive  d i r e c t  a c t i o n  of  widening t h e  road  and 
s e p a r a t i n g  t h e  o p p o s i t e  s t r e ams  of t r a f f i c  w i t h  a  c e n t r a l  median. 
What may occur  i s  t h a t  enough d r i v e r s  w i l l  be encouraged by t h e  
p r e s en ce  of t h e  median t o  i n c r e a s e  t h e i r  speeds  t h a t  t h e  a c c i -  
d e n t - i n j u r y  p r o f i l e  remains  u n a l t e r e d .  The g a i n  of  t h e  median 
w i l l  t h e n  be reduced t r a v e l  t i m e s .  Y e t  t h e  c o s t  of t h e  median 
may n o t  be co n s i d e r ed  j u s t i f i e d  by t h o s e  reduced t r a v e l  t i m e s ,  
b u t  would have been j u s t i f i e d  by t h e  r e d u c t i o n  i n  i n j u r i e s  had 
t h e  speeds  n o t  r i s e n .  T h i s  t y p e  of  b e h a v i o r a l  a d a p t a t i o n  t o  
change--in t h i s  h y p o t h e t i c a l  c a s e ,  an  u n f o r t u a n t e  one--should 
t h e n  be borne  i n  mind f o r  f u t u r e  d e c i s i o n s  of a  s i m i l a r  n a t u r e .  
Saf e t v  Research  
For  e f f e c t i v e  r e s o l u t i o n  of t h e  road  a c c i d e n t  s i t u a t i o n ,  
t h e  overview of  p o l i c y  a n a l y s i s  and t h e  i n s i g h t s  of  s a f e t y  
r e s e a r c h  must be s i m u l t a n e o u s l y  a p p l i e d  i n  a  c o o r d i n a t e d  manner. 
To a c h i e v e  a  common c o n c e p t u a l  p e r s p e c t i v e  f o r  t h e  two d i s c i -  
p l i n e s ,  t h e  f o l l o w i n g  c l a s s i f i c a t i o n  of  s a f e t y  r e s e a r c h  i s  
proposed : 
1) Hypothes i s  g e n e r a t i o n .  W e  have s t r e s s e d  t h e  need f o r  
an  i n v e n t i v e ,  u n c o n s t r a i n e d  s e a r c h  f o r  p o s s i b l e  p o l i c y  remedies  
t o  t h e  c a u s e s  of a c c i d e n t s .  Imag ina t ion  h e r e  i s  e s s e n t i a l  and 
i s  u s e f u l l y  a b e t t e d  by planned and s t r u c t u r e d  i n q u i r y  i n t o  t h e  
f a c t o r s  i n v o l v e d  o r  i n t e r c o n n e c t e d  i n  a c c i d e n t s .  Such s e a r c h e s  
might  comprise  s t a t i s t i c a l  demographic e x p l o r a t i o n s  f o c u s i n g  
on a c c i d e n t  involvement  o r  non-involvement.  A l t e r n a t i v e l y ,  i n -  
d e p t h  i n t e r v i e w s  w i t h  a c c i d e n t  p a r t i c i p a n t s  might  p r o v i d e  va lu -  
a b l e  c l u e s  f o r  p o t e n t i a l  p o l i c y  gu idance .  The immediate o b j e c t  
of t h e  s e a r c h e s  c a n n o t  be  f i r m  u n d e r s t a n d i n g  of a c c i d n e t  causa-  
t i o n ,  b u t  w i l l  i n s t e a d  be  i d e n t i f i c a t i o n  of  p l a u s i b l e  hypo theses  
c o n c e r n i n g  t h a t  c a u s a t i o n .  The t y p e s  of  hypo theses  t h a t  might  
b e  g e n e r a t e d  would cover :  sugges ted  o u t l i n e s  of  p e r s o n a l i t y  
p r o f i l e s  prone  t o  a c c i d e n t s ;  i n d i c a t i o n s  t h a t  c e r t a i n  d r i v e r  
h a b i t s ,  p r e - d r i v i n g  a c t i v i t i e s ,  o r  momentary a c t i o n s  d u r i n g  
d r i v i n g  l e a d  t o  a c c i d e n t s ;  p o s s b i l e  car m o d i f i c a t i o n s  t h a t  
might  r e d u c e  a c c i d e n t  damage; and h i n t s  t h a t  common env i ron-  
menta l  f e a t u r e s  are l i n k e d  t o  p a t t e r n s  of a c c i d e n t  o c c u r r e n c e  
o r  s e v e r i t y ;  
2 )  Hypothes is  c o n f i r m a t i o n .  The g e n e r a t i o n  of hypo theses  
shou ld  b e  fo l lowed  by t e s t i n g  t o  d e t e r m i n e  t h e i r  v a l i d i t y .  
Optimal  t e s t i n g  b r i n g s  i n t o  play a b a t t e r y  of  procedures-which  
are s e q u e n t i a l l y  employed u n t i l  a d e q u a t e  i n f o r m a t i o n  f o r  accep- 
t a n c e  o r  r e j e c t i o n  of  t h e  hypo theses  i s  o b t a i n e d .  The c h o i c e  
of a p p r o p r i a t e  t e s t  a t  a g i v e n  t i m e  depends  on t h e  c u r r e n t  
s t a t e  of  knowledge and upon t h e  c o s t s  of a l t e r n a t i v e  methods. 
One shou ld  never  spend more upon any r e s e a r c h  t r i a l  t h a n  t h e  
e x p e c t e d  i n f o r m a t i o n a l  b e n e f i t  i n  p o l i c y  t e r m s ,  t a k i n g  i n t o  
a c c o u n t  t h e  p r o b a b i l i t y  t h a t  t h e  h y p o t h e s i s  i s  t r u e  and t h e  
p r o b a b i l i t y  t h a t  e f f e c t i v e  p o l i c y  a c t i o n s  can  t a k e  advan tage  
of  t h i s  knowledge. G e n e r a l l y ,  t h e  i n i t i a l  t e s t  shou ld  comprise  
a ssessment  of  a l r e a d y  a v a i l a b l e  knowledge and d a t a  upon t h e  
h y p o t h e s i s .  When a f i r m e r  u n d e r s t a n d i n g  i s  r e q u i r e d  b e f o r e  
a c t i o n  c a n  be  t a k e n  o r  t h e  h y p o t h e s i s  i s  r e j e c t e d ,  t h e  s a f e t y  
r e s e a r c h e r  must choose  among a l t e r n a t i v e  ways of  o b t a i n i n g  
f u r t h e r  i n f o r m a t i o n .  Labora to ry  exper iments ,  d r i v i n g  s imula-  
t i o n s ,  an i n t e r v i e w  series, o r  t a r g e t e d  d a t a - g a t h e r i n g  e f f o r t s  
may e a c h  i n  v a r i o u s  c i r c u m s t a n c e s  r e p r e s e n t  t h e  most c o s t -  
e f f e c t i v e  way t o  v e r i f y  t h e  h y p o t h e s i s ;  
3 )  P o l i c y  e x p e r i m e n t a t i o n .  Even b e f o r e  a h y p o t h e s i s  i s  
f i n a l l y  conf i rmed o r  r e j e c t e d ,  p o l i c y  e x p e r i m e n t a t i o n  may b e  
under taken  t o  d e t e r m i n e -  whether-  i t s  p o s s i b l e  v a l i d i t y  can b e  
t h e  b a s i s  f o r  c o r r e c t i v e  p o l i c y  measures .  I f ,  f o r  example, 
it is suspected that fatigue is a factor in accidents, research 
might investigate whether various ways of combatting fatigue-- 
perhaps by eating candy to increase blood sugar or by listening 
to anti-soporific music or by insuring a flow of fresh air-- 
are effective. Other instances of policy experimentation are 
the actual car crashes with dummy occupants designed to test 
whether seat belts or air bags can reduce the injuries incurred. 
In the case of alcohol, the basic hypothesis of its contribu- 
tion to accidents has been so solidly confirmed that further 
studies upon the hypothesis are no longer useful. Instead, 
emphasis should be placed upon inventing and testing out ways 
for controlling the traffic hazard it poses; 
4) Policy evaluation. The only level at which conclusive 
verfication that a policy is beneficial may be obtained is the 
assessment of its a~tual~im~lementation. Thus even if it is 
shown that candy reduces fatigue or that seat belts limit 
injury, policies built around these facts are not automatically 
effective. The candy may not be eaten or the seat belts not 
fastened. Even if motorists do comply with the policies, they 
may be sufficiently emboldened by knowledge of their greater 
security to drive just enough faster that no reduction of acci- 
dent injury is achieved. The statistically ideal test is 
through random separation of the population--perhaps by indivi- 
dual, perhaps by locality--whereupon alternative policies are 
implemented and their effects measured. Unfortunately, the 
expense of this procedure--in terms of money, time, and proce- 
dural complication--often renders it infeasible. When one 
policy is believed safer, social decision-makers are under- 
standably averse to testing out the apparently less safe alter- 
native. This situation requires that analysts make the most ~ 
of information becoming naturally available. Changes in policy 
should be scrutinized over time to see wheth r they effect 
improvements in various types of accidents. Municipalities 
vary in their traffic codes, automobiles are differently 
engineered, and the traffic environments are not homogeneous. 
Meticulous examination of these differences may often reveal 
the effects of various laws, automobile construction, and road 
planning. 3 2  
This taxonomy can be illustrated as a system of filters 
or lenses seeking to derive from the unordered phenomena of 
the world a focused and effective safety policy. This is 
depicted in Figure I. On the extreme left are the inter- 
connected but chaotic events and circumstances of the world. 
It is the task of hypothesis generation--the leftmost lens-- 
to pick out from this amorphous tangle those factors which 
might be related to the causation or severity of accidents. 
Only lines corresponding to such elements are transmitted through 
this filter. 
The second lens is that of hypothesis confirmation which 
tests more rigorously whether the factors originally indentified 
do, in fact, affect accidents. Those that do not are not trans- 
mitted to the third lens of policy experimentation. This 
PHENOMENA 
FIGURE 1.TAXONOMY OF SAFETY RESEARCH 
AS A SYSTEM OF FILTERS. 
filter attempts to fashion governmental handles for the man- 
ipulation of accident-connected factors. Those factors for 
which no such handle can be invented do not pass through the 
third lens. 
The fourth and final filter is that of policy evaluation 
where it is seen that, even among those factors for which 
policy levers have been devised, many do not have their intended 
effect. Those that achieve no beneficial policy impact are 
not passed on by this filter while those achieving substantially 
less than their intended effect survive only in attentuated 
form. The latter case is shown by the dotted line second from 
top. Those lines reaching the final screen of impact represent 
elements related to accidents which may be efficiently wielded 
by a society seeking to enhance road safety. 
IV. Conclusion 
In order to present a policy-oriented overview of safety 
research, we considered in the second part of this paper 
obstacles to policy analysis. The third section then formulated 
the outlines of a strategy for surmounting those obstacles and 
for redirecting safety research to achieve more effectively 
policy benefits. The precise details of that strategy could 
not here be given: 1) because this is an areas whose vast 
intricacies and uncertainties dwarf our own understanding; and 
2) because any attempt to provide an unchanging blueprint for 
future action would be wrong. Optimal management of safety 
research is above all a delicate learning process in which the 
cues for future endeavors must be taken from the forthcoming 
research results which cannot be foreknown. Such management 
requires the assimilation of information presently strewn 
across many institutions. An important first step might there- 
fore be the strengthening and consolidation of this information 
--taking duly into account the costs of such information 
acquisition and processing weighed against its ultimate poten- 
tial benefits. The aim of this paper has been to provide a 
conceptual basis--that of policy analysis--for judging just 
how safety research ought to be guided to achieve those benefits. 
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governments,  however, have dec ided  t h a t  c a r  occupan t s  shou ld  
be p r o t e c t e d  from t h e i r  own ob tu senes s  i n  p r e f e r r i n g  n o t  t o  
wear i n s t a l l e d  s a f e t y  b e l t s  and have made t h e i r  u s e  mandatory. 
3 0 ~  s p e c t a c u l a r  example where t h e  s i m p l i c i t y  of an  a c t i o n  
outweighs  a l l  t h e  t h e o r e t i c a l  advan tages  of e q u i t y  a t t r i b u t e d  
t o  i t s  a l t e r n a t i v e s  i s  t h a t  of no - f au l t  automobi le  i n su rance .  
3 1 ~ s  w e  have argued above, a t t e n t i o n  a l s o  shou ld  be  p a i d  
t o  t h e  danger  t h a t  c e r t a i n  t y p e s  of a c c i d e n t s  are be ing  reduced 
a t  t h e  expense of i n c r e a s e s  i n  o t h e r  a c c i d e n t  c a t e g o r i e s .  
3 2 ~ n o t h e r  e s e a r c h  c a t e g o r y  impor t an t  t o  s a f e t y  b u t  f a l l i n g  
o u t s i d e  our  m a t r i x  i s  t h a t  of d e s i g n  r e s e a r c h .  I t  encompasses 
such a c t i v i t i e s  a s  d e t e rmin ing  i n t e r i o r  c a r  o u t l a y ,  s i g n  p l a c i n g  
and c o l o r i n g ,  and i n t e g r a t i o n  of  r o a d s  w i t h  t h e  u rban  environ-  
ment. C e r t a i n  of i t s  concerns  w i l l  f a l l  w i t h i n  t h e  r e s e a r c h  
t y p e s  d e s c r i b e d  i n  t h e  t e x t .  Thus, t h e  p l a c i n g  of i n s t rumen t  
knobs may be determined t o  be an  impor t an t  f a c t o r  i n  a c c i d e n t  
i n j u r i e s  and a s  such be  s t u d i e d  i n  d e t a i l .  The r e a s o n s  f o r  
s e p a r a t i n g  d e s i g n  r e s e a r c h  from our  b a s i c  taxonomy a r e  twofold:  
1) d e s i g n  must t a k e  i n t o  c o n s i d e r a t i o n  many f ac to r s - - such  a s  
e s t h e t i c s ,  o r  t h e  demands of u rban  systems--not  d i r e c t l y  r e l a t e d  
t o  road  s a f e t y ;  and 2 )  many f a c t o r s  w i t h  which it dea l s - - such  
a s  t h e  c o l o r s  of s i g n  l e t t e r i n g - - a r e  o n l y  t enuous ly  r e l a t e d  t o  
a c c i d e n t  r a t e s .  
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